An experiment was conducted to determine the response of broiler chickens to guanidinoacetic acid (GAA) added to diets with diff erent energy levels during fattening to 35 days of age. Ross 308 male chicks were allotted to 10 treatments, each consisting of six replicates of 140 birds/pen. Five maize-soyabean meal isonitrogenous diets with decreasing AME n levels (100, 99, 98, 97 and 96% of requirement) with or without supplements of 0.6 g/kg CreAMINO® containing a minimum of 96% GAA were formulated. The criteria of response were feed intake, body weight gains, feed conversion ratio and carcass, breast meat, leg meat and abdominal fat yields. Supplementation of broiler diets with 0.06% GAA resulted in a signifi cant (P < 0.05) decrease in voluntary feed intake. With decreasing AME n level, voluntary feed intake and consequently protein and amino acid intakes increased which was manifested by improved growth performance (P < 0.01). GAA supplements signifi cantly (P < 0.001) improved feed conversion ratio and effi ciency of AME n utilization and signifi cantly (P < 0.01) increased breast meat yield. With decreasing AME n level, the eff ects of GAA supplementation tended to diminish.
INTRODUCTION
Guanidinoacetic acid (GAA) is the biochemical precursor of creatine, which, in its phosphorylated form, plays an important role as a high-energy carrier in the muscle. GAA is formed from the amino acids glycine and arginine in the kidney or absorbed from the gut. It is transformed to creatine in the liver. Phosphocreatine serves as a dynamic reservoir of high energy phosphate. The phosphocreatine/ creatine system buff ers ATP/ADP ratio for all energy consuming functions of the cell. The degradation of creatine results in creatinine, which is excreted in the urine. Therefore creatine must be continually replaced from dietary sources or synthesized de novo from GAA. In contrast to animal proteins, creatine is not found in plant feedstuff s and may be thus defi cient in all-vegetable diets. GAA as a creatine source is more stable and less expensive than creatine itself (Baker, 2009) .
The objective of the present experiment was to determine the response of broiler chickens to GAA (trade name CreAMINO®, Evonik Industries) added to all-vegetable diets ranging in AME n levels from 100% to 96% of requirement.
MATERIAL AND METHODS
The experiment was conducted at the International Poultry Testing Station Ústrašice. The animal procedures were reviewed and approved by the Animal Care Committee of the Mendel University in Brno.
Animals and Procedures
A total of 8400 one-day-old male Ross 308 broiler chicks were randomly assigned to 10 dietary treatments in such a way as to ensure similar mean body weights across treatments. There were six replicates per treatment (140 chicks per pen). Chickens were kept in the windowless house with full climatic control, on deep litter from wood shavings. Each pen was equipped with manually fi lled tube feeders and nipple drinkers. The stocking density was 17 broilers per square meter. Heating and lighting programmes were in accordance with Ross Broiler Management Manual (2009). On days 10, 24 and 35, the chickens were weighed individually. At the same time, feed consumption per pen was recorded. On the last day of experiment, ten birds of each pen having body weights closest to the pen mean were selected, slaughtered and carcass, breast meat (boneless and without skin), leg meat (without bone, with skin) and abdominal fat yields were determined.
Experimental Diets
Maize-soyabean meal starter (d 1 to 10), grower (d 11 to 24) and fi nisher (d 25 to 35) basal diets with diff erent levels of metabolizable energy (100, 99, 98, 97 and 96% of AME n requirement as suggested by Ross Nutrition Supplement, 2009) were formulated. To the basal diets serving as controls (Treatments 1 to 5), 0.6 g/kg of CreAMINO® containing a minimum of 96% GAA was added thus forming fi ve experimental diets (Treatments 6 to 10). The diets for each growing period were formulated to be isonitrogenous. The composition of basal diets having the highest (100%) AME n level is given in Tab. I. Energy concentrations of other diets were adjusted to the required levels by decreasing the content of soyabean oil and by minor changes in maize and soyabean meal so as the diets remained isonitrogenous and contained the same amounts of essential amino acids. Crumbled starter and pelleted grower and fi nisher diets were supplied ad libitum. The diets were analyzed for nitrogen using Dumas procedure and for protein-bound and free amino acids by ion-exchange chromatography as described by Llames and Fontaine (1994) . GAA was analyzed as described by Michiels et al. (2012 -Tab. II) .
Statistical Analysis
Experimental data were analyzed as a completely randomized block design by General Linear Model of Statgraphics Plus 3.1 package, using GAA supplementation and AME n levels as categorical variables. When the analysis indicated signifi cant (P < 0.05) relationship between dependent and predictor variables, the diff erences between treatment means were assessed by Tukey HSD test. Linear and quadratic models were fi tted to data to describe the relationships between variables. Pen was considered the experimental unit except for carcass analysis data, where individual birds were used as experimental units.
RESULTS AND DISCUSSION
The data on feed intake are summarized in Tab. III. As dietary AME n density decreased, feed intake in both control and GAA-treated chickens increased (Fig. 1 ). This response has been frequently observed in ad libitum-fed chickens (Leeson et al., 1996) . Except for the starting period, the eff ect of AME n level on feed intake in the present experiment was rather small and insignifi cant, possibly due to a narrow range of dietary AME n concentrations studied. On the other hand, the multiple linear regression analysis relating feed intake (FI, g/d) to AME n level (MEL, %) and AME n intake (MEI, kJ/d) for the whole experimental period yielded the following regression equation: FI = 98.43 − 1.0038 MEL + 0.0769 MEI P < 0.001, R 2 = 0.999
III: Mean feed intake (g/day) of chickens during the experiment
All the model parameters were highly signifi cant (P < 0.001) and the R-squared statistic indicated that there was a close relationship between the variables. This fi nding suggests that the chickens were able, at least partly, to adjust their feed intake to meet their AME n needs.
Furthermore, as shown in Fig. 1 , the GAA-treated chickens consumed less feed than their control counterparts, the diff erences being signifi cant in all growing periods except for the fi rst one. This response might have been due to the better energy utilization in chickens receiving the GAAsupplemented diets or a negative eff ect of GAA on voluntary feed intake. A similar eff ect was reported by Mousavi et al. (2013) , even though the diff erences between GAA-treated and control groups were not signifi cant (P = 0.09) in their study. GAA supplements also reduced feed intake in turkeys (Lemme et al., 2010) . In contrast, Michiels et al. (2012) found slightly higher feed intakes in chickens receiving supplements of 0.6 or 1.2 g/kg GAA as compared with the control birds. No eff ect of GAA on feed intake of broilers was observed by Ringel et al. (2007) .
The eff ect of GAA supplementation on body weights or weight gains was small and, except for the fi nishing period, the diff erences as compared to the control group were not signifi cant (Tabs. IV-V). A greater response to GAA was observed at higher AME n levels. Growth rate increased quadratically with decreasing AME n level and reached maximum around 97% of AME n requirement (Fig. 2) . Better growth performance at lower AME n intakes may be explained by higher feed consumption and consequently by higher intake of protein, amino acids and other nutrients. This is evidenced by Fig. 3, showing the relationship between lysine intake and body weight gains for the whole experiment. The response of control chickens to AME n level tended to be greater than that of GAA-treated chickens, but the diff erence between the linear slopes fi tted to experimental data was not signifi cant (P = 0.35).
Feed conversion ratio (Tab. VI) was not signifi cantly aff ected by dietary AME n level, but it responded positively to GAA supplementation. Signifi cant diff erences were found in the fi nishing period and for the whole experiment, but numerical improvements were also observed in the starting and growing periods. This is in line with the report by Michiels et al. (2012) who concluded that the GAA eff ect was most apparent in the fi nisher period, when weight gains were maximized. There are other studies demonstrating a positive eff ect of GAA on feed conversion Ringel et al., 2008) . Similarly to growth rate, the eff ect of GAA on FCR diminished with decreasing AME n level (Fig. 4) , but the slope of regression line was signifi cantly diff erent from zero only in the control group. In contrast to FCR, effi ciency of AME n conversion was signifi cantly improved by both GAA supplementation and AME n level. The eff ect was most apparent in the fi nishing period and at the highest AME n intake (Tab. VII, Fig. 5 ). In both groups, energy utilization signifi cantly increased with decreasing AME n level (and consequently increasing feed and amino acid intakes). These results suggest that the ratio of amino acids to AME n in the present diets might have been underestimated.
Of the carcass analysis parameters, only breast meat yield was signifi cantly aff ected by A = GAA vs. control; B = AME n levels 96 97 98 99 100 AME n efficiency (kJ AME n /g WG) AME n level (%) GAA Control 5: Effect of GAA supplementation on AME n efficiency in chickens at five dietary ME levels. Plotted from the equations y = −14. 82 + 0.370x, R 2 = 0.53 (GAA) GAA supplementation (Tab. VIII). However, the magnitude of response was small. On average, the diff erence between control and GAA-treated groups was 0.4% (20.4 vs. 20.7%). Ringel et al. (2007) and Michiels et al. (2012) reported a more pronounced eff ect of GAA on breast meat yield, which tended to increase with increasing dietary GAA level . In contrast, no eff ect of GAA on carcass parameters was found in the study by Mousavi et al. (2013) . As dietary concentration of AME n in the present experiment decreased, the percentage of breast meat increased, particularly in the control birds (Fig. 6) .
The response pattern coincided with that of body weight which corroborates the well-known fact that breast meat yield is closely related to body or carcass weight (Ross 308 Broiler Performance Objectives, 2012).
The mechanism by which GAA aff ects broiler performance is not fully understood. Guanidinoacetic acid is a natural precursor of creatine, which is involved in cell energy metabolism, particularly in tissues with high and varying energy demand such as skeletal muscle (Michiels et al., 2012) . In fast-growing animals fed allvegetable diets lacking creatine, GAA may restore creatine reserves, thus improving tissue energy metabolism and body growth. Another mode of action of GAA may be associated with amino acid metabolism. In vivo, GAA is synthesized from glycine and arginine and GAA supplementation may thus spare arginine, one of the potentially limiting amino acids in low-protein broiler diets (Baker, 2009) . Indeed, Dilger et al. (2013) A = GAA vs. control; B = AME n levels
CONCLUSIONS
Supplementation of broiler diets with guanidinoacetic acid decreases voluntary feed intake, improved effi ciency of energy utilization and increased breast meat yield. With slightly decreasing AME n level of isonitrogenous diets, voluntary feed intake increased and, as a result of higher amino acid intake, breast meat yield increased.
